Objectives and method-The relation between body sway recorded through a stabilometric platform and the subjective report of steadiness was studied in 20 young and 20 elderly subjects and 20 neuropathic and 20 parkinsonian patients standing upright. The trials were performed under two stances (feet apart, feet together) and two visual conditions (eyes open, eyes closed). At the end of each trial, subjects scored their performance on a scale from 10 (complete steadiness) to 0 (fall). Results-In all subjects, independently of the stance conditions, the larger the body sway the smaller the reported score. The function best fitting this relation was linear when sway was expressed on a logarithmic scale. The scoring reproducibility proved high both within and across subjects. Despite the diVerent body sways and scores recorded under the diVerent visual and postural conditions (eyes closed >eyes open, feet together>feet apart) in all groups of subjects and patients, the slopes of the relations between sway and score were broadly superimposable. In the normal subjects, the scores were slightly higher during eyes open than eyes closed trials for corresponding body sways. This was interpreted as a sign of perception of greater stability when vision was allowed. Parkinsonian patients swayed to a similar extent as normal subjects, and their scores were accordingly similar, both with eyes open and eyes closed. Neuropathic patients swayed to a larger extent than normal subjects, and their scores were matched appropriately. Although the slope of their relation with eyes closed was not diVerent from that of normal subjects, with eyes open it was steeper and similar to that with eyes closed, suggesting that these patients did not feel more stable when they could take advantage of vision. Conclusions-The subjective evaluation of body sway, irrespective of stance condition, age, neuropathy, and basal ganglia disease, reflects the actual sway, and is inversely proportional to the logarithm of the sway value. The remarkable similarity of the relation between score and sway across the various groups of subjects with eyes closed indicates a common mode of sway evaluation, possibly based on integration of several sensory inputs. All groups except neuropathic patients seem to take advantage of the redundancy of the inputs. Basal ganglia integrity does not seem to have a role in the evaluation of sway. (J Neurol Neurosurg Psychiatry 1999;66:313-322) 
It is not an uncommon experience for people involved in research on the control of posture and movement to find patients reporting postural instability or unsteadiness but giving normal stabilographic recordings when standing at ease on a dynamometric platform. This is the case with parkinsonian patients, in whom body sway area and sway path are often within the normal range [1] [2] [3] [4] despite the reported (and clinically assessed) postural insecurity of these patients. Therefore, the question can be asked whether problems in the perception or evaluation of postural instability may lead to frightened stance, or unsteadiness of gait, or both. On the other hand, people aVected by peripheral neuropathies can hardly be clustered in a single group according to the stabilographic recordings and to the self reported feeling of unsteadiness. In fact, they report disturbing unsteadiness or complain of hazardous stance, and are prone to falls 5 ; but, in some cases they do not show abnormally large stabilographic recordings, 6 although in other cases they do. 7 There is as yet no indication of congruence between absolute body sway and perception of it. An increasing focus on qualitative investigation in medicine brings with it a tendency to model qualitative research along quantitative lines. 8 Examples are self evaluation scales or inventories, designed to be filled in by the subject or patient without the intervention of the examiner. 9 Such scales would seem particularly useful in approaching patients reporting dizziness or disturbance of balance. Relations between components of balance function and self perceived dizziness handicap have already been assessed in vestibular patients and elderly subjects. 10 11 However, a scale bringing together the perception of stability during a postural task, such as quiet upright stance, and the real steadiness recorded with a stabilometric platform is still lacking.
The aim of this investigation was to assess the capability, if any, of normal subjects to perceive and evaluate their own stability during short periods of quiet stance under diVerent sensorial conditions, and to determine whether a self evaluation score could be a relevant variable for further use. To this end, the congruity between the subjective reports and objective stabilometric findings was analysed, using a simple subjective scale of steadiness. The effect of aging on the perception of sway was also assessed in a group of normal aged subjects. Further, because proprioception from lower limbs is a key feedback which subjects rely on when standing with eyes closed, 7 and as basal ganglia have a pivotal role in balance control, 12 we assessed the possible influence of altered proprioception and basal ganglia disorder on the correct perception of body sway in one group of neuropathic and one of parkinsonian patients.
Methods

SUBJECTS
Twenty young, healthy subjects (five men and 15 women, mean age 30.8, range 21 to 48 years), 20 normal elderly subjects (seven men and 13 women, mean age 65.8, range 54 to 82 years), 20 neuropathic patients (10 men and 10 women, mean age 61.7, range 29 to 77 years), and 20 idiopathic parkinsonian patients (nine men and 11 women, mean age 68.5, range 43 to 79 years,) were selected for testing. Tables 1  and 2 summarise the relevant data of the two patient groups. The local ethics committee approved the use of the experimental procedure. All subjects gave their informed consent, although the specific aims of the experiment were not conveyed.
ELECTROPHYSIOLOGICAL AND FUNCTIONAL
TESTING
Several days before the balance assessment sessions, neuropathic patients underwent separate sessions in which the maximal conduction velocity of sural, tibialis posterior, and common peroneal nerves was measured. The findings of these tests are summarised in table 1. For the sake of simplicity, as the polyneuropathy was broadly symmetric, the values reported in the table are the mean of the responses from both sides. The performance oriented evaluation of balance and gait 13 was also administered to the patients by an expert physiotherapist at the end of the experimental session: the scores reported in the table refer only to the balance portion of this evaluation.
BALANCE ASSESSMENT
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EXPERIMENTAL SESSIONS
Subjects stood upright barefoot on the platform. They were asked to stand still with their arms by their sides. Young normal subjects participated in two sessions. In each session they performed a series of 20 stance trials, alternately with eyes open when they looked at a target placed at eye level about 50 cm in front of them, and with eyes closed. Each trial lasted 51 seconds. Feet were spaced 10 cm apart in the first session (feet apart), and kept together (feet together) in the second session, which took place on a diVerent day. Seven of the young normal subjects participated in separate sessions, on three diVerent days, to test reproducibility. Elderly subjects and patients participated in one session only, in which they performed respectively five and three trials for each condition. Total session time was about 30 minutes, including periods during which subjects were allowed to sit to avoid sole soreness or exhaustion, and minimise the eVect of close repetition of trials. 16 At the end of each trial, subjects were asked to evaluate their subjective feeling of the quality of steadiness throughout that particular trial. The evaluation took the form of a score, ranging from 0 (worst) to 10 (best). Half points and quarter points were allowed, to distinguish trials with small diVerences. To give a reference, at the beginning of the session each subject was invited to stand in two postures corresponding to extremes of the range of stability: (1) with eyes open, feet apart, grasping a solid bar in front of them; this was judged by the subjects as a very stable condition, to which 10 should be attributed, (2) with eyes closed and no support, in a one leg stance condition: this could not be maintained for extended periods of time, and was judged as a very unstable condition meriting Subjective perception of body swaya very low score; in the case of the subjects lowering the other leg to avoid a fall, a 0 score should be attributed to the trial. All subjects and patients understood the instruction well.
DATA ANALYSIS
The stabilometric data were plotted to see if they were normally distributed. As this was apparently not the case, sway area distribution was tested by means of the KolmogorovSmirnov (K-S) test, separately for each visual and postural condition and for each of the four groups of subjects. The test was significant under all circumstances; therefore, the data were normalised by means of a logarithmic transformation. The transformed data were indeed normally distributed (K-S test not significant), which allowed us to use parametric analysis of the data.
To test the eVect of the session on the subjective scores given by each of the seven normal subjects who underwent three sessions for reproducibility, we divided the whole range of sway areas recorded for each subject in each session (under the feet together condition and regardless of eyes open or eyes closed) into four equally spaced blocks. The mean scores attributed to the sway variables falling within each block were then calculated and compared across blocks and sessions by means of the analysis of variance (ANOVA), and the intraclass correlation coeYcient (ICC) was obtained.
Values of ICC above 0.75 are generally taken to represent good reliability; for most clinical measurements, reliability should exceed 0.90 to ensure reasonable validity. 17 18 Therefore, ICC values above 0.90 were considered as an index of the capacity of subjects to attribute largely corresponding scores to similar body sways produced in separate sessions.
To test whether there were diVerences between the 20 young normal subjects in their subjective reports, the within and between subject coeYcient of variability of the score was considered. The first was obtained on the basis of the data (feet together, eyes open and eyes closed) of each subject, the second was calculated on the basis of data of all subjects pooled together.
For all the groups of normal subjects and patients, the relation between score (ordinate) and the logarithm of sway variables (abscissa) was described by the equation of the line best fitting the data. This procedure was followed for both the individual data and the averaged data from repeated trials of all subjects. The diVerence in the slope of the best fit lines obtained under the various experimental conditions was assessed by means of the analysis of variance (ANOVA) of the linear regressions. This yielded a set of data to be entered in the Student's t test formula. 19 20 To make inferences on the possible interval property of the subjective scale, it was important to know not only whether the slope of the assumed linear regression was significant, but also whether there was any reason to doubt the basic assumption of the linearity of the regression. Therefore, a test for linearity was applied to the data (feet together, eyes open, and eyes closed, separated in equally spaced blocks, or arrays) obtained in the seven subjects who underwent several trial repetitions; for each subject, linearity of the regression was assumed when the F 2 value 20 was not significant.
To test the significance of the diVerences between the mean sway areas recorded in the four groups of subjects, under the four different stance conditions, a multifactorial ANOVA was used, followed by the Newman-Keuls post hoc test.
Results
SWAY AND SCORE
Relatively wide variations were found in the stance performances of normal subjects. As expected, variability was much larger with feet together than feet apart, and with eyes closed than open, as were the absolute measures of sway (sway area and sway path). There was also a rather large scatter of body sway values across trials performed under the same conditions by each subject. Further, the various subjects' mean sway values were scattered over a relatively wide range. These variations were indeed welcome prerequisites for a reliable matching between subjective scoring and instrumental outputs. Figure 1A shows an example of the findings obtained in one representative subject, standing under feet together and feet apart conditions, both with eyes open and eyes closed. The eVect of the diVerent conditions is evident in the stabilograms (sway), and in the traces representing the projection of the instantaneous centre of foot pressure on the anteroposterior and laterolateral plane during the entire trial. The subjective scores attributed to these performances are reported in the right hand column. The data from all the trials produced by this subject are summarised in the right panel: sway areas (abscissa) ranged from 200 to 5700 mm 2 , and the corresponding subjective scores from 9.5 to 5.75. The line best fitting the scores and sway area points was logarithmic. In other words, the scores did not worsen proportionally to the increase in sway.
Normalisation of the sway area values by logarithmic transformation rectified the relationship. The regression was linear (F 2 = 0.3, 2 and 43 df, NS; see methods). This was true for six of the seven normal subjects, who participated in the reproducibility study; in the seventh, F 2 was barely significant. ICC=intraclass correlation coeYcient; CV (%)=coeYcient of variation; 1st, 2nd, and 3rd = experimental sessions.
REPRODUCIBILITY OF SCORING
This study was conducted in seven young normal subjects to ascertain that the scores given in separate sessions by the same subject for similar sway areas were similar across the whole span of sway areas obtained over the various trials. To this end, we arbitrarily divided the range of sway areas into four segments and separately analysed the scores given to the sway areas falling within each segment. The ICC (table 3 A) proved to be well above 0.90 for each subject except one. Furthermore, for the same subjects, the coeYcient of variation (CV) was very small and very similar across the three sessions (table 3 B). In figure 2 , each symbol corresponds to the mean value of sway area and score produced by each subject (feet together) across the diVerent sessions. Equal symbols are very close together, indicating a good average reliability of the subjective scoring of body sway, both with eyes open (open symbols) and eyes closed (filled symbols), in spite of a sizeable variability around the mean value.
When the data from all 20 normal subjects were pooled, the between subject CV (14.4%) were very similar to the mean of the within subject CV (13.3%). This means that diVerent subjects attributed a similar score to corresponding sway areas, and that the variance between normal subjects was negligible, and similar to the variance within each subject. This is a prerequisite for pooling together the data of all subjects as in fig 3. YOUNG SUBJECTS Figure Thus there was an apparently diVerent way of scoring the body sway under eyes open and eyes closed, though not under feet apart as opposed to feet together conditions. The same conclusion was reached with a diVerent analysis, when the scores given for areas lying within the same range were compared across visual conditions. Taking into consideration an overlapping range of eyes open and eyes closed areas (range 300-1000 mm 2 , mean eyes open=502.8 mm 2 and mean eyes closed=577.4 mm 2 , not significantly diVerent) and of the corresponding scores (range 10-5.75 , mean eyes open 8.85 and eyes closed 7.95), it was found that a significantly higher score (p<0.0001) was assigned to similar sways when vision was allowed as opposed to when it was denied. Therefore, it would be prudent to conclude that scoring is influenced, although to a limited extent, by the visual conditions. This is also depicted in fig 4, where the mean scores attributed to all trials (both feet together and feet apart) performed by each subject were plotted against the corresponding mean sways. The slope of the lines best fitting the data points was significant for both eyes open (p<0.01) and eyes closed (p<0.0001). Further, the eyes open data points (A) lay above the eyes closed points (B) (p<0.05) and showed less scatter than the eyes closed points for similar changes in sway. It can be seen that (1) on average, subjects with large sways scored their performance lower than did subjects with small sways; (2) the error bars of scores and sways did not depend either on the position in the plot of the respective data points (large mean sway and small mean score or vice versa) or on the visual condition.
The output of the platform also included, as said above, the value of the sway path travelled by the centre of foot position during the performance of the stance trial. Therefore, for each trial and subject, the stability score was also referenced to the sway path, on the hypothesis that subjects' evaluation of body sway would be better correlated with sway path than sway area. However, the overall relation described for the sway area was substantially the same for the sway path; both the logarithmic relation, and the R 2 coeYcient of the lines best fitting the transformed data were similar.
ELDERLY CONTROLS
The elderly normal subjects yielded sway areas not significantly larger than those of the young subjects under eyes open conditions ( fig 5) ; with eyes closed, elderly subjects swayed to a slightly larger extent, both with feet apart and feet together (p<0.05). The scores were accordingly slightly lower. Also in this group, the relation between average scores and sway areas was logarithmic (fig 6) . Again, the slope 
NEUROPATHIC PATIENTS
The sway areas recorded in these patients were, on average, significantly larger than in both groups of normal subjects, for all stance and visual conditions (p<0.0001) ( fig 5) . On average, the scores were much lower than in the normal subjects. There was a progressive decrease in the score with the increase of sway (fig 7) , and, again, the relation between average scores and sway areas was logarithmic. In all patients except one, the subjective score worsened with the increase in sway. This is indicated in fig 7 B (only for 12 patients, for clarity) by a dotted segment connecting the points obtained under both feet apart and feet together postural conditions, where each segment is marked by the number corresponding to the patients' number in table 1. For one subject, the feet together point was not obtained because the feet together condition could not be maintained for the whole trial. The slope of both best fitting lines was significantly diVerent from zero (eyes open, p<0.001; eyes closed, p<0.0001), but there was no diVerence between the slopes of the two lines. The line fitted through the eyes closed data points was almost superimposable with that of the elderly subjects, whereas that fitted through the eyes open data was steeper, though not significantly so, than the corresponding line drawn for the elderly subjects. PARKINSONIAN 
PATIENTS
As shown previously, 2 the sway areas recorded in the patients with Parkinson's disease were, on average, not larger (or just significantly so under eyes open and feet apart conditions) than those recorded in elderly subjects (fig 5) . Furthermore, the scores given by the patients were, on average, similar to those given by the elderly subjects. Within each patient, the subjective score worsened with the increase in sway occurring when the base of support was reduced or when vision was excluded. When the data were represented as in the case of the other three groups, there was an analogous progressive decrease in the score with the increase of sway (fig 8) , and the relation between average scores and sway areas was logarithmic. The slopes of the lines best fitting the transformed eyes open and eyes closed data was significantly diVerent from zero (eyes open, p<0.05; eyes closed, p<0.0001), and the eyes open data points lay above the eyes closed ones (p<0.05). The best fitting lines were not diVerent from the corresponding lines drawn for the elderly patients. Further, there was no indication of a diVerent behaviour across patients more or less disabled, as the points pertaining to subjects with widely diVerent Webster scores were randomly distributed above or below the best fit lines.
Discussion
RELATION BETWEEN BODY SWAY AND SUBJECTIVE
SCORE
The results show that the scores attributed by each normal subject to the stability of their upright stance reflected the actual sway values recorded by the dynamometric platform. This correspondence was particularly evident under the eyes closed condition, where, regardless of the position of the feet (together or apart) and the consequent large diVerence in the corresponding sway values, the score closely reflected the magnitude of body sway. Therefore, in their evaluation, subjects were influenced by some net counterpart of the sway itself, regardless of the more or less stable equilibrium conditions connected to the width of the base of support. For the eVect of vision, the scores were proportionately less bad during the eyes open than the eyes closed trials for superimposable ranges of body sway. This diVerence amounted to less than one point on the subjective scale, on average: it seems to be none the less an indication of a more confident state occurring with eyes open. In a sense, therefore, subjects evaluated their posture as more stable when vision was allowed, even with a smaller support base, than with eyes closed. Under both visual conditions, however, the precision of the scoring was similar, as there was no larger scatter of the scores under eyes closed than eyes open, for similar sway area ranges. Conversely, for equal visual conditions, changes in the width of the support base did produce concurrent changes in sway and score. The findings obtained in the elderly subjects basically reproduced those for the young. It would be safe to conclude that age does not seriously impair the procedure for correctly self scoring postural stability, despite the reduced stability limits of the elderly patients with respect to the young subjects 3 21 and of the reported diYculties of the elderly subjects in taking advantage of the sensory redundancy in postural control. 22 Thus normal subjects have the capability of precisely sensing their own sway, independently of sex, age, and constitution. This holds true regardless of the stabilometric variable considered (sway area or sway path); therefore, subjects do not prefer to evaluate the mismatch of the centre of foot pressure from a reference value set at the beginning of the trial (the sway area), with respect to the mean velocity of centre of foot pressure shift (the sway path). This would imply that the subjects' aVerent inputs related to both aspects of sway must ultimately be processed in the same way.
Further, diVerent subjects use the same absolute criteria for evaluating body sway, as the mean values of sway and scores of the various subjects lay along the same line despite the considerable scatter of the data. Therefore, subjects do not use as a reference for scoring their "typical" area during a quiet stance, but are able to score their sways according to an absolute criterion. Thus subjects who regularly exhibit large sway areas give low scores, and subjects who regularly exhibit small areas give high scores.
CHARACTERISTICS OF THE SCALE
The use of such a subjective scale, which correlates with numbers entities that are not numbers, 23 can therefore be tentatively proposed as a criterion for quantifying the self evaluation of body sway. The scale is (1) valid (or unidimensional), as it measures the intended variable; (2) sensitive, as it can evaluate small diVerences in sway; (3) accurate, as it centres the intended variable within an ample range of it; (4) simple, as its administration to the subjects does not require particular eVort in clarifying the question; (5) there would be no harm for the subjects of overemphasising the use of one or the other end of the scale (see below); and (6) it would be easily applicable across laboratories and examiners. 24 In addition (7) as this scale was actually linear when the sway values were logarithmically transformed, it is tempting to attribute interval properties to it.
The logarithmic relation between the score and the raw area data deserves a comment. This trend might reflect either (1) a reluctance (increasing progressively as sway enlarges) of subjects and patients to give too low a self evaluation, or (2) a real modality of processing the aVerent information. In the first case, we would assume a scarce compliance with instructions by the subjects, but we have no hints that this was true at the time of the experiment, nor afterwards, when the subjects were interviewed about their attitude. It must also be noted that, when requested to stand under critical conditions for some time (one leg stance), subjects certainly gave very low scores to their performances, without hesitation. We would therefore exclude the idea that subjects' criteria of scoring suVered from any particular tendency such as "end aversion bias" (or "central tendency bias"), whereby extreme scores are less likely to be used than centrally positioned scores, or "positive skew" whereby scores close to maximum are preferred ("ceiling eVect") as a self praise. 25 In the last case (real modality of processing the aVerent information), it is remarkable that the relation between the score and the actual body sway most closely resembled the WeberFechner's psychophysical relation I = c•log (S/S 0 ), whereby the capacity for distinguishing between weights depends on the magnitude of the reference weight. In passing, it is interesting to note that, within a certain range, postural sway deviations induced in standing subjects by changes in visual flow have been reported to be proportional to the logarithm of visual motion amplitude. 26 Subjects were therefore attributing a score to an input related to the mismatch between a reference "optimal" stability and the overall stability of their actual standing within the duration of the trial. In this evaluation, they would have steadily kept in mind the ideal minimum sway for reference, or the "reference frame". 27 28 Of course, the postural performance could be influenced by the cognitive process required of the subjects, 29 involving at least a judgement about their performance and an operation of their working memory within the period of the trial. However, this does not necessarily imply a competition between the tasks with degradation of either or both. 30 It seems reasonable to speculate that the attentional demand required here by the two concurrent tasks did not exceed the subjects' conscious processing capacity. Further, in the subjects who, on the occasion of previous recordings made for other purposes, stood at ease without accompanying cognitive tasks, there was no diVerence in the average body sway with respect to the present performances. Conversely, the judgement corresponded with the performance, so that the cognitive process itself was unlikely to be impaired.
NEUROPATHIC PATIENTS
The results obtained in patients with peripheral neuropathies to a large extent confirm the above interpretation, as the logarithmic relation between sway and score was still valid, despite the very large sways and low scores in this group. Therefore, patients were using the same criteria as normal subjects in estimating their sway, as indicated by the slope of the line fitted through the eyes closed data, and were almost as accurate as normal subjects in so doing (compare figs 4 and 7) . Thus the somatosensory input is inadequate to allow a good "reflex" control of posture, as indicated by the large sways of these patients, and seems redundant 31 as far as sway perception is concerned. Incidentally, we found no correlation between the conduction velocity and sway area in these patients, as already shown by Bergin et al. 32 However, in both studies, the only sensory nerve tested was the sural nerve, leaving the possibility that increased sway was related to the degree of impaired proprioception. The fact that reduced sense of vibration was indeed related to the amount of sway, 32 indicates that aVerents such as secondary spindle aVerent fibres may be better related to sway control, as suggested elsewhere. 33 There was an indication of a diVerent behaviour of these patients when tested under eyes open conditions, because the slope of the line fitting the eyes open data was nearly as steep as that fitting the eyes closed data. Apparently, in the neuropathic patients, the fact that the somatosensory input was inadequate resulted in an underscoring of balance, despite allowed visual input. Vision did help to decrease the sway, but was not enough to counterbalance the feeling of unsteadiness. In this connection, the possibility should be entertained that the dissociation between the ability of vision to reduce the absolute amount of body sway and its ability to counterbalance the feeling of unsteadiness may be related to the absolute amount of sway, which was much larger in the neuropathy group than in any other group.
PARKINSON'S DISEASE
The results obtained in patients with idiopathic Parkinson's disease were closely superimposable with those obtained in normal subjects, indicating that the basal ganglia are not involved in the subjective perception and evaluation of body sway. This finding was rather unexpected if it is considered that basal ganglia receive inputs from multiple cortical regions with diVerent sensory and integrative functions, 34 and that abnormal basal ganglia activity caused by a nigrostriatal lesion can disrupt aspects of tactile and kinaesthetic perception. 35 36 The present finding suggests, therefore, that the postural insecurity in parkinsonian patients depends exclusively on their impairment in the coordination between posture and movement, 37 rather than on any mismatch between sway and perception or evaluation of it. In turn, the disturbed coordination between posture and voluntary movement may reflect an inability to appropriately incorporate correctly perceived information in the preparation or execution of movement.
The fact that both normal subjects and parkinsonian patients, and, within limits, sensorially impaired patients, used the same criteria and gave reproducible estimates of sway indicates that such an estimate is a very basic psychophysical process, most likely very important for the everyday fine control of stance, and that the nervous structures involved in the perception and evaluation of body sway are very robust, much more than the structures involved in balance control itself.
